We present γ-ray, X-ray, ultraviolet, optical, and near-infrared light curves of 33 γ-ray bright blazars over four years that we have been monitoring since 2008 August with multiple optical, ground-based telescopes and the Swift satellite, and augmented by data from the Fermi Gammaray Space Telescope and other publicly available data from Swift. The sample consists of 21 flat-spectrum radio quasars (FSRQs) and 12 BL Lac objects (BL Lacs). We identify quiescent and active states of the sources based on their γ-ray behavior. We derive γ-ray, X-ray, and optical spectral indices, α γ , α X , and α o , respectively (F ν ∝ ν α ), and construct spectral energy distributions (SEDs) during quiescent and active states. We analyze the relationships between different spectral indices, blazar classes, and activity states. We find (i) significantly steeper γ-ray spectra of FSRQs than for BL Lacs during quiescent states, but a flattening of the spectra for FSRQs during active states while the BL Lacs show no significant change; (ii) a small difference of α X within each class between states, with BL Lac X-ray spectra significantly steeper than in FSRQs; (iii) a highly peaked distribution of X-ray spectral slopes of FSRQs at ∼ −0.60, but a very broad distribution of α X of BL Lacs during active states; (iv) flattening of the optical spectra of FSRQs during quiescent states, but no statistically significant change of α o of BL Lacs between states; and (v) a positive correlation between optical and γ-ray spectral slopes of BL Lacs, with similar values of the slopes. We discuss the findings with respect to the relative prominence of different components of high-energy and optical emission as the flux state changes.
Introduction
Blazars are active galactic nuclei characterized by ultra-luminous, broad-band, non-thermal radio to γ-ray continuum radiation, and by irregular, rapid flux variability across wavebands. They are divided into two classes, flat spectrum radio quasars (FSRQs) and BL Lac objects (BL Lacs). A primary method employed to probe our understanding of these objects is to study their spectral energy distributions (SEDs). Until recently, however, studies of blazar SEDs have been hindered by an insufficient number of simultaneous observations across the spectrum for a large enough sample of objects to allow a statistical analysis of their behavior in varying states of activity. A significant advance occurred with the launch of the Fermi Gamma-ray Space Telescope. With its sensitivity and its ability to scan the entire sky every three hours, the Fermi Large Area Telescope (LAT) (Atwood et al. 2009 ) provides continuous coverage of blazars in the γ-ray regime. One year prior to the onset of the science mission of Fermi, we began international, collaborative, multiwavelength monitoring of 33 blazars at radio to optical bands. These observations, combined with the γ-ray data from Fermi and the X-ray, ultraviolet (UV), and optical data from the Swift space observatory (Gehrels et al. 2004) , as well as measurements with several ground-based instruments, provide a rich dataset to study the behavior of these objects. We focus on measurements across the electromagnetic spectrum, made within 24 hours of each other, at multiple epochs when the objects are in different γ-ray activity states.
Long-term monitoring of blazars reveals variability of emission best described by a "red noise" power spectrum, where the amplitude of variations is greater on longer time-scales (e.g., Do et al. 2009; Chatterjee et al. 2012) . The light curves contain periods of relative quiescence interrupted by sometimes sudden, prominent outbursts with durations of weeks to several months in one or more energy bands, as well as more rapid lowerlevel fluctuations. These outbursts can vary dramatically in both time profile and amplitude. Critical to unraveling the physics of blazars is to study how the SED changes between such quiescent and active periods. Many studies have examined a small number of objects in an active state, sometimes contrasting activity at different flux levels (e.g., Raiteri et al. 2008a Raiteri et al. , 2012 Hayashida et al. 2012; Jorstad et al. 2013) . Fewer (e.g., Raiteri et al. 2007 Raiteri et al. , 2008a Tagliaferri et al. 2008; Palma et al. 2011 ) have studied objects in a quiescent or low γ-ray state. With the increased sensitivity of instruments and the time coverage of Fermi, studies of larger samples are beginning to unveil trends in the behavior of blazars at different γ-ray activity states (e.g., Ghisellini et al. 2009; Abdo et al. 2010b) . A statistical analysis of SEDs from optical to γ-ray wavelengths based on simultaneous observations at different activity states for a sample of blazars should, therefore, be instructive.
A distinctive characteristic of a blazar's SED is its two-peaked shape, with one maximum at infrared (IR) to X-ray frequencies and the other at γ-ray frequencies. The shape of the SED, combined with polarization characteristics, provides considerable evidence that the emission produced from radio to optical wavelengths is dominated by synchrotron radiation. If the accretion disk luminosity is important, it will be seen in the UV portion of the spectrum. Commonly seen in other classes of active galactic nuclei (AGNs), the "big blue bump" (BBB) is often less prominent, or even undetectable in blazars, owing to the strong, relativistically beamed non-thermal radiation. D 'Elia et al. (2003) found that the nonthermal component of the optical/UV emission of FSRQs accounts for an average of ∼ 85% of the total power. Only in about 9% of the objects they studied did the thermal component dominate. Signatures of the BBB in FSRQs include a decrease of the degree of polarization with frequency (e.g., Smith et al. 1986 ) and a redder color index at brighter flux states (e.g., Bregman et al. 1986; Raiteri et al. 2012) . A number of observations have indicated that the accretion disk is less prominent in BL Lacs (e.g., Ghisellini et al. 2009; Giommi et al. 2012a ). An alternative possibility for flatter-spectrum emission in the UV region of some blazars was suggested by Raiteri et al. (2005) . Studying the spectrum of 0235+164, these authors see the signature of a second synchrotron component.
The higher-energy SED is consistent with inverse Compton (IC) scattering off photons either from inside the jet (synchrotron self-Compton mechanism, SSC) or external to the jet (external Compton mechanism, EC) by relativistic electrons in the jet (e.g., Marscher et al. 2010 ). Other mechanisms, e.g., proton synchrotron emission (Böttcher et al. 2013) , might play a role as well. In IC models, we expect the spectral slope of highenergy emission to be similar to the slope of the synchrotron radiation emitted by the electrons responsible for scattering seed photons up to high energies.
The locations of radiative dissipation zones within the jet and the physical processes involved are still under debate. Polarization and timing of flares relative to changes in images of parsec-scale jets of blazars indicate that nearinfrared (NIR) to optical synchrotron flares often take place near the end of the jet's acceleration zone (Jorstad et al. 2007; Marscher et al. 2008) . Using Very Long Baseline Array (VLBA) images, Jorstad et al. (2012) conclude that enhanced γ-ray emission is produced downstream of the broad emission line clouds, while others (e.g., Tavecchio et al. 2010 ) argue for a sub-parsec origin, based on short timescales of γ-ray variability. The outbursts, which occur across the electromagnetic spectrum, can be caused by shock formations in the jet or other processes that increase the particle density, magnetic field strength, or seed photon field, change the magnetic field orientation, and/or enhance the Doppler boosting. The characteristics of the SED represented by spectral indices at different wavebands can provide insights into the interplay between different factors responsible for the outbursts, as well as between different emission components (e.g., the accretion disk and jet) and processes (synchrotron, inverse Compton, and thermal) during active and quiescent states. These insights will improve our understanding of the physics and location of energetic phenomena in blazars.
Here we statistically study how the spectral indices at γ-ray, X-ray, and optical frequencies change as the flux state varies, as well as whether the behavior depends on the type of blazar. We present over four years of data (from early 2008 to late 2012) in 13 frequency bands from NIR to γ-rays. From this compilation, we select epochs of quasi-simultaneous data at both active and quiescent states, compute spectral indices, and examine the trends and correlations between them.
The sample of blazars and the data reduction are described in §2. In §3, we define quiescent and active states and describe the selection of epochs for our statistical analysis. We describe the computation of spectral indices in §4 and present the trends and correlations of those indices and in the relationships between them in §5. Using these statistical trends, we describe a "typical" quiescent and active BL Lac object and FSRQ in §6 and discuss the implications of our results for physical models. We summarize our findings in §7. An expanded version of this paper with a complete set of light curves and SEDs for all sources can be found at www.bu.edu/blazars/VLBAproject.html.
Observations and Data Reduction

The Sample
Since 2007, we have been collecting multiwaveband fluxes, polarization measurements, and radio images of blazars to provide the data for understanding the physics of the jets (see, e.g., Marscher 2012 ). This study includes 28 of the original 30 objects selected for the monitoring campaign, confirmed as γ-ray sources by EGRET (Energetic γ-Ray Experiment Telescope) on the Compton Gamma Ray Observatory, have an Rband brightness exceeding 18 mag (bright enough for optical polarization measurements at a 1 − 2 meter class optical telescope without needing excessive amounts of telescope time), exceed 0.5 Jy at 43 GHz, and have a declination accessible to the collaboration's observatories (> −30
• ). Three additional BL Lacs (1055+018, 1308+326, and 1749+096) and two FSRQs (3C345 and 3C446) included in this analysis were among those added when they were detected as γ-ray sources by the Fermi LAT . Table 1 presents general information about these 33 blazars. Column 1 is an object reference number that will be used in plots to identify each source, column 2 is the object name as used in this writing, column 3 is an alternate, commonly used name, column 4 is the object's name as listed in the 2FGL catalog (Ackermann et al. 2011) 
Gamma-ray Data
The γ-ray data were obtained by the LAT on board the Fermi Gamma Ray Space Telescope. To construct the γ-ray light curves, we reduced the Fermi data using Pass 7 photon and spacecraft data, the V9r23p1 version of the Fermi Science Tools, and the instrument responses for the gal 2yearp7v6 v0 and iso p7v6clean.txt diffuse source models. All of these are available on the Fermi website.
2 We modeled the γ-ray emission between 0.1 and 200 GeV from a given target and other point sources within a 15-degree radius of the target. Comprehensive reduction of the data was first performed with spectral models corresponding to those listed in the 2FGL catalog, typically with a seven-day bin size. However, because the power-law photon index in the 2FGL catalog was computed from the flux collected by Fermi over two years (Nolan et al. 2012) , and because a typical blazar spends less than 5% of its time in a γ-ray active state (Abdo et al. 2010a) , this index best represents the object in a quiescent state. To obtain a spectral index for each object while in an active state (to be defined in §3.1), we re-reduced the data during active states, typically with a 1-3 day bin size, using a simple power law model while allowing the photon index to vary. To obtain a spectral index during long periods of quiescence (defined in §3.1) when only upper limits were obtained with 7-day binning, we re-reduced the data using extended bin sizes.
2 http://fermi.gsfc.nasa.gov/ssc/
X-Ray Data
The X-ray data, including the photon index and its uncertainty, were obtained at a photon energy range of 0.3−10 keV by the X-ray Telescope (XRT) (Burrows et al. 2005 ) on board the Swift satellite. We reduced the data using the standard HEAsoft package (version 6.11). The standard xrtpipeline task was used to calibrate and clean the events. We selected events with grades 0−12 in photon counting (PC) mode and 0−2 in windowed timing (WT) mode. An ancillary response file was created with PSF correction using the xrtmkarf task, and the the data were rebinned with the grppha task to ensure a minimum of 10 photons in every newly defined channel. We fit the spectra with the spectral analysis tool xspec, using a power-law model with minimum χ 2 value, and, except for 0235+164, fixing the hydrogen column density (N H ) according to the measurements of Dickey & Lockman (1990) . For 0235+164, a value of N H of 2.8×10 21 cm -2 was used to include an intervening z = 0.524 absorber (Madejski et al. 1996; Ackermann et al. 2012) . A Monte-Carlo method was used to test the goodness of fit.
The photon counts of the sources were checked for pileup. The threshold for pileup is 0.5 counts s -1 and 100 counts s -1 for PC mode and WT mode, respectively. Each event with pileup was individually re-examined to remove the center of the point-spread function (PSF), following the process outlined on the Swift website.
3 We created a new annular source region, determining the inner radius by modeling the PSF as a King function. None of the WT mode events exceeded the threshold for pileup.
Swift Optical and Ultraviolet Data
UV/Optical Telescope (UVOT) (Roming et al. 2005 ) data were reduced by using the standard HEAsoft package (version 6.11) and the calibration files released in 2011 July. For each object, we defined a selection region centered on the source with a standard radius of 5 ′′ , except for very faint objects (e.g., 0528+134, 0827+243), for which we chose a 3 ′′ radius and performed aperture correction according to Poole et al. (2008) . The back- c Simbad resolver as reported in http://heasarc.gsfc.nasa.gov.
d Danforth et al. (2013) set 0.2315 < z < 0.372 (99.7%).
5 ground region was defined in a source-free region with a circular aperture of 20 ′′ . Unaligned exposures were individually aligned. All extensions within an image were summed with uvotimsum and processed with uvotsource using a sigma value of five. Only epochs with a summed exposure time exceeding 40 seconds were retained.
Ground-Based Optical and NearInfrared Data
In addition to UVOT data, we used optical data from eight ground-based observatories. Table 2 provides the symbol we use to identify each observatory in light curves and SEDs (column 1), the identifying color of the observatory in light curves (column 2), the location of the observatory (column 3), the diameter of the telescope (column 4), and the wavebands of the data used in this study (column 5). References to the data reduction procedures are listed in the footnotes of the table.
Dereddening and Flux Conversion
For the UV observations, we dereddened the fluxes using the Fitzpatrick (1999) interstellar extinction curve with an R v of 3.1 and A λ values (Schlafly & Finkbeiner 2011) as retrieved from NED in 2012 November. Optical and NIR magnitudes were dereddened using the Schlafly & Finkbeiner (2011) values. Dereddening of 0235+164 is complicated by intervening sources of dust and optical emission. We followed the procedure of Raiteri et al. (2008b) to remove the additional flux from a foreground galaxy and applied the extinction values from Raiteri et al. (2005) and Ackermann et al. (2012) . We converted the dereddened magnitudes to fluxes using the zero points and Pickles star spectra conversion factors from Poole et al. (2008) for Swift observations and Mead et al. (1990) for ground-based observations. For most objects in our sample, the host galaxy contribution is negligible in the UV. However, host galaxy contamination was subtracted for two nearby objects, BL Lacertae and Mkn 421. The host contribution in the UV is expected to be negligible for these two sources. We used the R-Band host galaxy flux values derived by Nilsson et al. (2007) and average effective colors for elliptical galaxies determined by Mannucci et al. (2001) . Converting these values as above, we obtained the dereddened host galaxy flux values, reported in Table 3 . We subtracted these constant values from the dereddened measured flux.
Calibration of Near-Infrared through Ultraviolet Spectra
To determine if any observatory has magnitudes for a band that are consistently higher or lower than other observatories, we examined all measurements for all objects, selecting sets of measurements when a minimum of two observatories observed an object in the same band within the same day. We restricted the observations to days when the source was not active in any NIR through U bands. If an observatory had multiple observations within a given day, we computed a weighted mean for each such day and band. We then analyzed the differences between the fluxes from different observatories for a given band based on different epochs and sources.
Overall, no systematic discrepancies appear to be present in any band for any observatory, with the exception of the SMARTS K band; hence, these data are used with caution. All light curves were checked for outliers, which were deleted in the final analysis.
Quiescent and Active Epochs
Properties of Quiescent and Active States
Our monitoring program has resulted in a sufficient number of quasi-simultaneous measurements of each object at different frequencies to compute and compare the spectral indices when objects were in an active versus a quiescent state. Barring a few definitions of "bright" or "flares" (see, e.g., Abdo et al. 2010a; Nalewajko 2013) , there is no standard definition for "quiescent" and "active." We define these states based on the weighted mean flux, F ν , and its weighted standard deviation,
where x i is a measurement with uncertainty σ i , Jorstad et al. (2010) .
b Data reduction details provided in Larionov et al. (2008) . Nilsson et al. (2007) .
Note.-Ground-based values are for a typical aperture radius of 7 arcsec, and for Swift, the typical 5 arcsec radius.
of the source within a given energy band ν. All measurements from all observatories, subject to restrictions stated in Section 2.7 and with a selfimposed minimum of ten measurements within a band, were used to compute these values. We set as an upper limit to a quiescent flux level F ν , and as a lower limit to an active flux level F ν + 1σ wν . Between these levels, we consider the source to be in a transitional state. Additionally, we further define a flaring flux level to be when the flux exceeds F ν + 3σ wν . For Fermi data, we include upper limits in the computation of F γ , replacing both the flux and its error with the value of the upper limit. Table 4 presents F ν , its weighted standard deviation, and the number of data points used in its computation for each of the selected frequency bands for each object.
We restrict our analysis to epochs when γ-ray emission was in a sustained period of either quiescence or active flux levels. A flaring flux level is, by definition, part of an active state. Based on our typical 7-day binning of γ-ray data, we require a quiescent period to extend a minimum of 21 consecutive days, with upper limits considered quiescent, and an active period to extend a minimum of 14 consecutive days. As an example, for 7-day binning of Fermi data, a minimum of two consecutive data points at least 1σ wγ above F γ are required before we consider the source to be in an active state. Active γ-ray periods thus determined initially have been reevaluated using Fermi light curves computed with the photon index allowed to vary. A minor exception is made for the active epochs of 1749+096. We allow two active periods to include epochs when the γ-ray measurement fell marginally below, and well within the uncertainties, of the lower limit for active periods. To evaluate the state of a source at the other bands during a given γ-ray state, no minimum duration is imposed. Table 5 presents a summary of the γ-ray periods of quiescence for BL Lacs and FSRQs. The columns of Table 5 are as follows: 1 -the object name, 2 -the number of quiescent periods, 3 -the total number of days during which the object was in a quiescent period (note that this excludes any days for which the object had a low flux value but for less than an uninterrupted 21-day period), and 4−6 -the number of days in the longest uninterrupted period of quiescence and the dates of the beginning and end of the longest period, respectively. Similarly, Table 6 presents a summary of the γ-ray active periods (all active periods are identified from the data computed with a fixed photon index): column 1 is the object name, column 2 is the number of active periods identified for the object, column 3 is the number of active periods that have a flux value considered to be in a flaring state, and column 4 is the total number of days during which the object was in an active period. Columns 5−7 list the number of days in the longest uninterrupted active period and the dates of the beginning and end of the longest active period, respectively. Columns 8−10 give the maximum flux observed, its uncertainty, and the central date of the bin, respectively. The spectral index at the time of measurement of the maximum flux is listed in column 11. If the maximum flux was computed using the fixed photon index in the 2FGL catalog, an "F" is inserted in column 12; otherwise, if the photon index was allowed to vary, a "V" is inserted in column 12 (see Section 4). Columns 13 and 14 present the ratio of the maximum flux to F γ and the uncertainty that characterizes an amplitude of γ-ray variability.
To identify trends based on the class of objects, we generate a series of plots using the values in Tables 5 and 6 . Histograms of the percentage of time that each source was in a quiescent or active period are presented in Figure 1 . Note that measurements in a transitory state or in isolated quiescent/active states are included in the total time. BL Lacs and FSRQs show similar behavior. BL Lacs spend an average of 55 ± 20% of their time in quiescent periods, while FSRQs spend 65 ± 15% of their time in quiescent periods. Time spent in active periods for BL Lacs is 9 ± 4% and for FSRQs, 10 ± 8%. Both averaged 5 ± 3 active periods over the 4.2 years of Fermi measurements included in this study, and BL Lacs averaged 12 ± 4 quiescent periods and FSRQs 11 ± 5.
Histograms of the longest uninterrupted quiescent and active periods for each of the sources are displayed in Figure 2 . Time is in the host galaxy frame, adjusted for redshift. We checked the ends of the light curves for the longest uninterrupted periods. Four of our objects (0827+243, 0954+658, 1222+216, and 1622-297), were within their longest uninterrupted quiescent period at the start of the Fermi mission and the longest uninterrupted active period was in progress for 1308+326. Additionally, 4 of our objects (3C279, 3C345, 3C446, and 3C454.3) were within their longest uninterrupted quiescent period at the end of the monitoring period for this paper. Thus, for these objects, our longest uninterrupted periods represent lower limits. No obvious trends exist for either subclass while in a quiescent state, with both having wide dispersions. The longest uninterrupted quiescent period for most BL Lacs ran from 68 days (0735+178) to 232 days (1055+018), but 0235+164 and 0829+046 had 599 and 543 days, respectively. All but four FSRQs (3C273, 1611+343, 0827+243, and 1127-145) had fewer than 265 days in their longest uninterrupted quiescent period, with the length generally equally dispersed from a minimum of 78 days (3C446). The longest uninterrupted active periods were also highly dispersed for both subclasses, with BL Lac objects generally having a longer uninterrupted period (ranging from 15 to 95 days and averaging 43 ± 27 days) than FSRQs (ranging from 6 to 73 Table 4 Weighted Mean Flux and Weighted Standard Deviations (Part 1 of 3): Gamma-ray through UVW1 Bands days and averaging 30 ± 23 days) when converted to the respective galaxies' restframes.
We plot the normalized amplitude of flux variations vs. redshift in Figure 3 . Noticeable is the lack of BL Lacs displaying large amplitudes. The average normalized amplitudes are 5.5±2.0 for the BL Lacs and a highly dispersed 10 with a standard deviation of 12 for the FSRQs. However, without the four quasars exhibiting the largest values of maximum to mean fluxes (3C454.3, 1222+216, CTA102, and 3C273), the normalized maximum flux average for FSRQs drops to 5.0 ± 2.5. If the BL Lacs displayed such large amplitudes of γ-ray outbursts at the same rate as the FSRQs, we could expect, at least, 2 BL Lac objects with large out- Table 6 ) vs. redshift. The labels refer to the object reference number (see Table 1 ). The highest amplitudes correspond to 3C454.3 (#33), 1222+216 (#18), CTA102 (#32), and 3C273 (#19).
bursts. This implies that the process responsible for activity in the BL Lacs is more uniform, while the FSRQs appear to have different levels of activity.
Selection of Representative Epochs
To form a well-sampled, representative selection of data for a statistical study of spectral indices, we establish minimum requirements for epochs of data to be extracted for analysis. Because many objects have multiple epochs that can be classified as quiescent or active, and in order to avoid skewing the analysis towards any particular object, four epochs per object are selected for analysis for the majority of the sources, two within γ-ray quiescent periods and two within γ-ray active periods. Fewer than four epochs are used for ten sources because of either weak γ-ray emission and insufficient optical-UV data, or lack of simultaneity of observations across bands. An ideal epoch would include a sufficient number of observations to construct a complete SED and compute spectral indices for the γ-ray, X-ray, and UV-optical-NIR regions, although some epochs are accepted without X-ray measurements. Epochs are carefully selected to include a minimum separation of time between earliest and latest NIR through X-ray observations, never to exceed 24 hours, resulting in an average elapsed time of measurements for all selected epochs of 9.0 hours. Preference is given to epochs that include a wide range of NIR to UV wavebands and to epochs containing observations obtained from the greatest number of observatories to mitigate potential bias introduced by the use of data from a single observatory. Figure 5 presents SEDs for 0716+714 and 1633+382 as examples. (SEDs for all objects can be found in an expanded version of this paper at www.bu.edu/blazars/VLBAproject.html.) The SEDs display the flux data for each selected epoch, with the frequency adjusted to the rest frame of the host galaxy. Information about the selected epochs is given in Table 7 , where column 1 is the object name, column 2 is the identifying epoch number (corresponding to the number displayed on the light curve plot), column 3 is the date of the earliest NIR − X-ray observation within the epoch, column 4 is the elapsed time in days between the earliest and the latest NIR − X-ray observations of the epoch, column 5 is the date of the center of the Fermi binned record, and column 6 is the bin size for that record. Columns 8-20 indicate the activity state of the object at different bands during the epoch: "Q" is quiescent, "A" is active, "F" is flaring, and "T" is transient. A dash indicates that although we had some data available for the band, there were fewer than 10 measurements and we did not compute F ν . If there are multiple observations at a particular waveband, the activity state is determined based on the weighted mean of the observations. Table 2 ). Horizontal dotted lines on the light curves indicate the upper limit for quiescent states (blue) and lower limits for active states (green) and flaring states (red). Table 2 ). Frequency is adjusted to the object's rest frame. For convenience, α ox and α xg are shown if Swift X-ray data are available at the epoch. [SEDs for all objects can be found in an expanded version of this paper at www.bu.edu/blazars/VLBAproject.html.] Table 2 ). The frequency band of the observation is denoted immediately above the X-axis. Frequencies are adjusted for redshift. 
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Computation of Spectral Indices
Optical Spectral Index In the optical bands, we fit the blazar spectrum by a power law of the form
where S ν is the radiative flux density at frequency ν and α o is the spectral index at optical wavelengths. We note that the optical spectrum that we fit with a single power law can include multiple components (emission lines, BBB, synchrotron radiation), the implication of which will be discussed in Section 6. To compute α o , we perform a weighted linear least-square fit using the IDL routine LINFIT, combining all data available in the UV−NIR range unless there is an obvious break in the power law in either the NIR or UV bands. We retrieve the slope and its error and report these as α o and σ αo , respectively. Examples of the fit are shown in Figure 6 for two objects.
Because we assume the model to be linear, testing the goodness of the fit to the model in the usual sense is not very meaningful in this case. The weighted χ 2 statistic would be quite large given the small value of many of our uncertainties. To provide some measure of the "goodness of fit," we compute the standard deviation of the data, σ, using
where N is the number of data points, y i = log S ν , andȳ is the computed best-fit value (Bevington & Robinson 2003) , with two parameters determined from the fit.
X-Ray and Gamma-Ray Photon Indices
Both the X-ray and γ-ray spectral indices are computed from the power-law photon index, Γ, as α = Γ + 1. For γ-ray observations, Γ γ is derived differently depending upon whether the epoch corresponds to a quiescent or an active state. For quiescent epochs, we extract from the 2FGL catalog (Nolan et al. 2012 ) the photon index and its uncertainty. (Note: the spectra of some sources were also fit with a log parabolic model, in which case the uncertainty in α γ is not given in the 2FGL catalog and, therefore, is not listed in the table.) For active states, we calculate Γ γ values from the photon and spacecraft data (see Section 2.2).
Broadband Spectral Slopes
Two additional spectral indices are of interest to our study: the slope between optical and X-ray frequencies, α ox , and the slope between X-ray and γ-ray energies, α xg . We use the weighted mean of the fluxes in V band for the optical emission. If no V -band observations are available, preference is given to measurements in the R, J, B, UVM2, or UVW1 bands, in that order. We use X-ray and γ-ray emission at 1 keV and 0.5 GeV, respectively, to represent the high energies.
The computed spectral indices for all objects are summarized in Table 8 : column 1 is the object name, column 2 is the identifying epoch number (corresponding to the number displayed on the light curve plot), column 3 is the date of the earliest observation (among X-ray -NIR measurements) within the epoch, columns 4−9 are α γ , α X , and α o , and their respective 1-σ uncertainties, column 10 provides the number of UV−optical−NIR observations included in the computation of α o , and column 11 lists the standard deviation of the data relative to the best-fit line (the measurement of the "goodness of fit" of the spectral slope for α o ). Columns 12−15 are α ox and α xg and their respective 1-σ uncertainties. Column 16 indicates the frequency band used in the computation of α ox if no V -band observation is available. Figure 7 presents distributions of the spectral indices α o , α X , and α γ , and the spectral index between these regions, α ox and α xg . We compute a mean of each spectral index from our selected epochs for each class in each state. The results are summarized in Table 9 . The standard deviation is a good indicator of the spread of the indices. We consider a deviation within ± 0.35 (∼ 20% of the approximate spread of all indices) to be a sufficiently narrow spread to indicate a "preferred" value for the index.
For α o , only BL Lacs in a quiescent state maintain a preferred value. For α X , both the quiescent and the active FSRQs exhibit small deviations, with a preferred value of ∼ −0.6, as expected if the X-ray emission is produced via inverse Compton scattering by relatively low energy electrons that also emit synchrotron emission at millimetersubmillimeter (mm-submm) wavelengths. Active BL Lacs have a significant scatter in α X , with some values as steep as −2. This can be explained by a synchrotron origin of the enhanced X-ray emission in some BL Lacs. Quiescent BL Lacs exhibit a preferred value of −1.2, which suggests that the quiescent X-ray emission is a mixture of IC and synchrotron emission.
Both quiescent and active states of both classes exhibit a preferred value of the γ-ray spectral index. The BL Lacs show little difference in α γ between quiescent and active states. Ackermann et al. (2011) found a similar mean value for BL Lacs with a range from −0.90 to −1.17, depending upon the SED classification (LSP, ISP, HSP). The FSRQs show a modest flattening of α γ during active states. Ackermann et al. (2011) computed a mean value for FSRQs of −1.42 ± 0.17 for a much larger sample, which falls between the average values of α γ during quiescent and active states.
Both quiescent and active states of both classes exhibit preferred values of the spectral index between the optical and X-ray and between the Xray and γ-ray regimes. The preferred values of α ox change little within each class between states, while they are different for the two classes. The preferred values of α xg are similar for the BL Lacs and FSRQs within the 1σ uncertainty, independent of the state.
Change of Spectral Indices between States
To study the change of spectral indices between states, we compute the difference between the spectral indices of quiescent and active states for each object (between the means of α in the cases of two quiescent and two active states identified). Histograms of these differences are presented in Figure 8 . The FSRQs tend to have a separation between quiescent and active states in both optical and γ-ray spectra, while the differences between states for the BL Lacs tend to be equally distributed. Of the active FSRQs, 80% have a flatter average γ-ray spectrum, with a weighted mean difference from the average quiescent spectrum of 0.16. (Some caution must be applied in this case, however, because Γ γ is allowed to vary for the active states, while we use a fixed value taken from the 2FGL catalog for each object in quiescent states.) Abdo et al. (2010b) found a weak "harder when brighter" effect for all FSRQs and BL Lacs except the HSP subclass, as had been previously suggested by Ghisellini et al. (2009) for both classes when comparing some measurements from Fermi and EGRET. For our sample of blazars, a significant "harder when brighter" effect is seen in the γ-ray spectral index for FSRQs, but the BL Lacs show no propensity towards a flatter or steeper spectrum, nor is there any obvious trend with SED class.
Of the quiescent FSRQs, 73% tend to have flatter optical spectra than during active states, while there is no statistical difference for α o of BL Lacs between the two states. The difference in behavior of α o for FSRQs implies an important contribution of the emission from the accretion disk (BBB) to the optical quiescent radiation, while accretion disk emission in BL Lacs seems to be too weak to play a significant role in the SED. In support of this latter point, the average value of α o of ∼ −1.4 in active and quiescent BL Lacs indicates dominance of synchrotron emission during all states. This conforms with the prediction of Giommi et al. (2012a) , who simulated SEDs of blazars with a varying mix of Doppler-boosted radiation from the jet with emission from the ac- cretion disk, broad-line region, and light from the host galaxy, and found strong dominance of the jet emission in BL Lacs. The differences of the X-ray spectral indices of FSRQs between states are equally distributed with a negligible mean of 0.001, as is evident in Figure  8e . This suggests that the same mechanism(s) is (are) employed for the X-ray production in FSRQs, independent of the state. In BL Lacs, the IC X-ray spectrum generally has a slope flatter than −1, whereas the slope is generally steeper for X-ray synchrotron radiation (e.g. Bregman et al. 1990) .
The very broad scatter of α X (quiescent) -α X (active) for BL Lacs indicates: (i) an increase in the contribution of synchrotron emission during active states for some BL Lacs (e.g., 3C66A, the largest positive difference); (ii) flattening of α X at active states for another group of BL Lacs (e.g., OJ287, the largest negative difference) that corresponds to an increase of the contribution of IC emission; and (iii) no change of α X for the rest of BL Lacs. Although we cannot correlate the behavior with the SED subclasses of BL Lacs due to an insufficient amount of statistical data, the BL Lacs of the LSP type tend to have flatter X-ray spectra during active states.
Relationships Between Spectral Indices
We examine relationships between the spectral indices at the different wavebands. Figures 9, 10, 11, & 12 show dependences between α γ and α o , α γ and α X , α X and α o , and between α ox and α xg , respectively, for all blazars in the sample. The complete set of all plots in color and labeled with object and epoch numbers can be found in an expanded version of this paper at www.bu.edu/blazars/VLBAproject.html. We have computed Spearman's rank correlation coefficients between different spectral indices for the entire sample, as well as for different classes and states.
We have used the IDL routine R Correlate to test the significance of the correlation coefficients. The results are presented in Table 10 , with the number of data points in the computation and the rank correlation coefficient and its significance given for each relationship. The α γ −α o Plane: Figure 9 reveals a striking difference between the quiescent BL Lacs and FSRQs: a BL Lac object with a flatter α o has a flatter α γ , while for the quasars a modest anticorrelation between the indices is observed. The correlation analysis (Table 10 ) confirms a highly significant positive correlation between α γ and α o of the BL Lacs independent of the state, and suggests a weak anti-correlation between α γ and α o of the quiescent FSRQs at ∼88.5% confidence level. The latter effect disappears in active FSRQs. We associate flattening of α o in FSRQs with increasing importance of the BBB contribution to the optical emission when the synchrotron flux decreases. If we assume that a pure synchrotron optical spectral index correlates with α γ , as in the case of the BL Lacs, then the anti-correlated behavior between α γ and α o for the quiescent FSRQs implies that quasars with a stronger BBB have a softer optical synchrotron spectrum. This is supported by the case of 3C273, in which the BBB dominates the optical-UV SED, while the synchrotron spectral index, as measured for the linearly polarized emission, is very steep, −1.7 to −2.7 (Smith et al. 1993) . However, the steep optical synchrotron index found for the quasar 3C454.3 during the prominent γ-ray outbursts, α syn o ∼ −1.7, is significantly steeper than α γ ∼ −1.3 (Jorstad et al. 2013) ; this implies that relativistic electrons that emit IR synchrotron radia-tion rather than optical emission are responsible for γ-ray production.
There are outliers in Figure 9 that are important to mention. Quasar 1730−130 at epoch 3 and BL Lac object 1749+096 at epoch 4 (both active states) have extremely steep optical spectra (−2.4 and −2.1, respectively), and a follow-up study of additional active epochs of these objects could be enlightening. Active epoch 4 of 3C279 has a steep γ-ray spectrum (−1.9), while all epochs of 1222+216 are located in the flat optical−flat γ-ray region of both the active and quiescent FSRQs. The α γ −α X Plane: Figure 10 shows a distinct separation in the α γ − α X plane for the two classes of blazars, with only a slight overlap. This is obviously driven by the separation of X-ray spectral index values between classes as discussed in §5.1. Combining classes yields strong anticorrelations for both active (Fig. 10c ) and quiescent (Fig. 10d) states. Quiescent BL Lacs show a strong anti-correlation between α γ and α X , that becomes very weak for active BL Lacs (Table 10 ). In general, for a blazar in our sample, steeper α X pairs with flatter α γ . Within IC mechanisms for γ-ray production, this suggests that for sources with a synchrotron origin of X-rays (fully or partly), lower-energy relativistic electrons participate in γ-ray production (those that generate IR-optical synchrotron emission), while for sources with Xrays via IC mechanisms, higher-energy relativistic electrons should be involved in 0.1−200 GeV γ-ray production (those that produce optical-UV synchrotron emission).
There are outliers in the α γ − α X plane that include three BL Lacs that are well known TeV sources: 1219+285, 3C66A, and Mkn421. Among the FSRQs, the quasars 3C279 and 0836+710 are distinguished by the steepness of their γ-ray spectra. Additionally, the first quiescent epoch of 3C446 is isolated in the region of flat X-ray spectra (α X = 0.22), although the uncertainty in the index is high. The α X −α o Plane: Figure 11a shows a strong anti-correlation between α X and α o for BL Lacs, independent of activity state, with a high confidence level (see Table 10 ). According to the discussion in §5.1, values of α o of the BL Lacs should represent pure synchrotron spectra. The observed anti-correlation and steepness of α X , up to −2.0, imply that in BL Lacs with the hardest optical spectra, the X-ray emission is produced via the synchrotron mechanism. These are the TeV sources Mkn421, 1219+285 and 3C66A mentioned above. As the optical spectrum softens, the contribution from IC mechanisms to the X-ray emission increases. In general, there is no overlap between the BL Lacs and FSRQs in Figures 11(c,d) , since the FSRQs have flatter values of α o , indicating the presence of the BBB, and uniformly flat values of α X that point to IC mechanisms for X-ray production. However, some active BL Lacs with the flattest α X form a continuation of the sequence of active FSRQs into the steepest α o values. These are among the brightest BL Lacs at radio wavelengths, 1749+096, BL Lacertae, 1055+018 and OJ287. Three quiescent quasars with the steepest α o values form a continuation of the quiescent BL Lac sequence into the flattest α X values (3C 279, 1308+326, and 1406−076), which most likely have weaker BBB emission with respect to the jet emission than for the other FSRQs. The α ox −α xg Plane: An anti-correlation is expected in this plane if 1) the X-ray flux varies with much higher amplitude than do the optical and γ-ray fluxes, or 2) the optical and γ-ray fluxes vary in unison while the X-ray flux is relatively stable in many of the sources. Neither case commonly occurs (see Table 4 ). According to Table 10 there is a statistically significant anti-correlation between α ox and α xg for active BL Lacs. However, the anti-correlation is driven by the spectral indices of Mkn 421, which is the only HSP source in our sample. The rest of the BL Lacs show very small scatter in the values of α xg , with slightly flatter values during active states. Table 9 shows that the average values of α xg of FSRQs are similar to those of BL Lacs. The stability of α xg follows from the high ratio of γ-ray to X-ray frequencies, the logarithm of which is in the denominator of the X-ray -γ-ray spectral index calculation. In this context, the line of active quasars in Figures 12b,c with α xg flatter than −0.7 is especially interesting, since these are the quasars with the strongest amplitude of γ-ray activity: 1222+216, 1510-089, CTA102, 3C454.3, and 0836+710 (see Figure 3) . The line shows a clear anti-correlation between α ox and α xg , which corresponds to case 2 above and implies that the γ-ray and optical fluxes have significantly larger amplitudes of variation than that of the X-ray emission. This is not expected if the SSC mechanism is responsible for both the X-ray and γ-ray emission, since in this case the value of α xg should remain stable across activity states. The significant difference in the amplitude of X-ray and γ-ray activity might be caused by different seed photons being scattered by the relativistic electrons: synchrotron from the jet for X-rays (SSC) and external for γ-rays (EC). Alternatively, the X-ray variations could be smoothed out by longer timescales of energy losses of the relatively low-energy electrons participating in IC X-ray production. There is a clear separation between the BL Lacs and FSRQs with respect to values of α ox , especially for the quiescent blazars (Figure 12d ): the FSRQs possess flatter α ox values than those of BL Lacs. This supports the conclusion that different X-ray emission mechanisms operate in the BL Lacs and FSRQs, as pointed out in the analysis of the α X −α o plane.
Discussion: Implications for Emission Models
The analysis of spectral indices in each waveband and the relationship between these indices allow us to describe a "typical" BL Lac object or FSRQ and contrast the results by activity state within each class. Table 11 summarizes statistically significant results from this exercise.
Our findings suggest that the optical emission of a "typical" BL Lac object is strongly dominated by synchrotron radiation at any state, independent of SED classification. This implies that any emission from the accretion disk is weak in BL Lacs, consistent with the polarimetry of BL Lacs showing no evidence for the wavelengthdependent polarization expected when the essentially unpolarized BBB contributes substantially to the optical-UV emission (e.g., Smith & Sitko 1991; Smith 1996) .
The X-ray emission from BL Lacs is a mixture of synchrotron and IC radiation. Note.-ns: not significant.
significant correlation between α o and α X implies that the contribution of IC emission to the observed X-rays increases as the optical spectrum softens, especially for active BL Lacs. The optical and γ-ray spectral indices are correlated at > 97% confidence level. No difference in values of α γ between quiescent and active states is observed, which implies that the same mechanism is responsible for quiescent and flaring γ-ray emission. The modest amplitude of γ-ray activity, with small scatter across the BL Lac sample, favors the SSC mechanism for γ-ray production, while slightly flatter values of α γ relative to α o imply that relativistic electrons radiating at both optical and IR wavelengths are involved. A "typical" FSRQ has a flatter optical spectrum in quiescent than in active states, which can be attributed to the importance of the contribution of the BBB to the optical-UV continuum (e.g., Smith et al. 1988; Giommi et al. 2012b ). The wide dispersion of optical spectral indices is then due to diversity in the relative strength of the BBB among FSRQs rather than to variations in the slope of their synchrotron spectra. We anticipate that once the BBB component is subtracted, the residual synchrotron spectral index will show a smaller scatter in α o , as in BL Lacs, and also as is the case for α γ for both the BL Lacs and FSRQs. A modest anti-correlation between α γ and α o for the quiescent FSRQs implies a possible connection between the properties of the BBB and jet if the anti-correlation is driven by the contribution of the BBB to the optical emission. The latter is probable, since the anti-correlation disappears during active states. In this scenario, a quasar with a stronger BBB has softer optical synchrotron and γ-ray spectra in quiescent states. The γ-ray spectrum of an FSRQ flattens during active states, which implies more efficient acceleration of relativistic electrons if the γ-rays originate via IC mechanisms. This should cause flattening of the optical synchrotron spectra during active states as well. However, to test such an assumption and a possible connection between BBB and jet properties, pure synchrotron optical spectra of FSRQs should be extracted from the observations by subtracting the BBB spectrum from the continuum.
We find a uniform preferred value of α X ∼ −0.6, among the FSRQs that is the same as the average spectral index of blazars measured at wavelengths of 0.8 to 4 mm (Giommi et al. 2012b ). This supports the hypothesis that IC scattering from relativistic electrons emitting synchrotron radiation at mm-submm wavelengths is responsible for X-ray production in a typical FSRQ, independent of the activity state. Whether the X-rays are from the SSC or EC mechanism, or a combination of the two, might depend on the blazar and its activity state. The large dispersion in the amplitude of γ-ray activity, and the anti-correlated behavior between α xg and α ox for the FSRQs displaying the highest amplitude of γ-ray outbursts, require different mechanisms of γ-ray production during different activity states. There is most likely a mixture of SSC and EC emission, with a dominance of external IC during the highest γ-ray states, as has been modeled for some blazars (e.g., Bonnoli et al. 2011; Wehrle et al. 2012 ).
Summary
We have assembled-and de-reddened at NIR, optical and UV wavelengths-observational measurements obtained from 2008 through 2012 of 33 blazars by ten ground-and space-based observatories. We have computed a mean flux value for each frequency band for each source and used these values to determine whether the object was in a quiescent or active state in each band. The state of the object in the γ-ray band was the basis for defining quiescent and active periods. The frequency and length of quiescent and active periods, and the maximum flux achieved during active periods, were compared between the BL Lacs and FSRQs. Up to four epochs per source were selected for further analysis of spectral indices at γ-ray, X-ray, and, optical wavelengths. All IR through X-ray observations selected for an epoch were obtained within a 24-hour period, with an average span of 9.0 hours. We find significant diversity in the properties of the BL Lacs and FSRQs in each spectral regime analyzed:
1. The FSRQs exhibit the highest amplitude of γ-ray activity, while the duration of an average active period in the source frame is similar for the FSRQs and BL Lacs. On the other hand, the fraction of time when a quasar is dormant exceeds that of a BL Lac object by ∼10%, with less scatter.
2. Comparison of the behavior of α o between activity states suggests weak accretion disk emission in the BL Lacs, while the contribution of the BBB to the optical emission of the FSRQs dominates quiescent states.
3. The lack of significant variations in γ-ray spectral indices of the BL Lacs between activity states, the relatively low ratio of γ-ray to synchrotron luminosity, and the good correlation between α γ and α o , implies that the same inverse Compton mechanism -most likely SSC -is responsible for the γ-ray production at different activity states.
4. The anti-correlation between α xg and α ox for the FSRQs during the most extreme activity at γ-ray energies suggests that the SSC mechanism is insufficient to explain the enhanced γ-ray flux in these objects. Hence, the EC mechanism for γ-ray (but not necessarily X-ray) production is favored by the data.
5. The analysis of X-ray spectral indices indicates that the X-ray emission of the BL Lacs is a mixture of synchrotron and inverse Compton radiation. IC scattering dominates during active states of the LSP BL Lacs, while IC scattering by < 1 GeV electrons can explain the entire X-ray emission of the FSRQs at any state.
The relationships among the various spectral indices therefore imply strong connections between the emission at pairs of wavebands: mmsubmm and X-ray for FSRQs and LSP BL Lacs, optical and X-ray for ISP and HSP BL Lacs, and IR-optical and γ-ray for FSRQs and LSP BL Lacs. These connections should be apparent in timing studies of multi-waveband light curves of blazars. We are in the process of compiling such light curves over a sufficiently long time span (∼ 5 years) to test whether the predictions of such correlations are fulfilled.
